Purpose Meeting physical activity (PA) recommendations is positively associated with health-related quality of life (HRQoL), but it is still unclear whether PA (specifically objectively measured) is associated with HRQoL in bariatric surgery candidates, both before and after surgery. Thus, the aim of this study was to examine the cross-sectional association between meeting objectively measured PA recommendations and HRQoL before and after Roux-en-Y gastric bypass (RYGB) surgery. Methods Sixty-six women undergoing RYGB with pre-surgery and 62 women with post-surgery valid PA and HRQoL data were included from the control group of a RCT study aiming at improving HRQoL and PA post-RYGB surgery. Measures before and 12 months after RYGB included the Short Form Health Survey (SF-36) and objectively measured PA, sedentary time (ST), and step counts with GT3X+ accelerometers. Multiple linear regression models were used to analyze the associations between PA and HRQoL. Results Participants who engaged in more than 150 min of moderate to vigorous PA (MVPA)/week (PA recommendations) had considerably higher SF-36 scores (HRQoL) than those who did not, both pre and 12-month post-surgery, with greatest difference in the subscale bodily pain, 15.5 (p = 0.021) higher score (higher scores means less pain) pre-surgery and a 19.7 (p = 0.004) higher score post-surgery. Higher LPA and step counts and lower ST also showed positive associations in some of the subscales of SF-36. Conclusions Meeting the PA recommendations and overall engaging in more PA was associated with higher HRQoL, pre-, and post-RYGB surgery, highlighting the importance of PA both pre-and post-surgery.
Introduction
Meeting the physical activity (PA) recommendations of at least 150 min of moderate to vigorous PA (MVPA) per week is associated with a wide range of positive health outcomes across all weight ranges, including reduced risk of heart disease, type 2 diabetes, some cancers, and improved mental health [1, 2] . Furthermore, meeting the PA recommendations and higher duration, intensity, and bout length of PA are positively associated with healthrelated quality of life (HRQoL) [3] [4] [5] ; a multidimensional measure of physical, mental, functional, and social wellbeing, in the general population [6] . Less is known about sedentary time (ST) and PA associations with HRQoL in individuals suffering from obesity [7, 8] and few studies have used objectively measured PA and ST [9] .
Individuals suffering from obesity often show lower levels of HRQoL compared to the general normal weight population [10] . Weight loss has been associated with increases in HRQoL [11] , especially rapid weight loss induced by bariatric surgery [12] [13] [14] , where Roux-en-Y gastric bypass (RYGB) is the most commonly performed bariatric surgery procedure in Sweden [15] . Greatest improvements of HRQoL, induced by weight loss, are often seen on the physical part of the measurement scale, probably caused by the reduced physical complaints after losing weight, but the mental part has also been shown to improve [12, 13] .
Peak improvements in HRQoL after bariatric surgery are typically observed during the first years of follow-up, followed by a small decline that usually stabilizes approximately 5 years postoperatively [16, 17] . Although HRQoL improves substantially after bariatric surgery, PA usually does not increase (despite great weight loss) [18] [19] [20] , except when self-reported PA is used as an outcome measure [20] . The discrepancy between self-reported and objectively measured PA in this patient group is large, and tends to increase post-RYGB [21] . Consequently, objectively measured PA is the preferred method for assessing actual levels of PA in this patient category.
Interventions aiming to increase PA pre-bariatric surgery have been shown to also improve HRQoL pre-surgery [22] , but not post-surgery [23] . However, it is still unclear whether objectively measured PA is associated with HRQoL before and after bariatric surgery in candidates receiving regular care (in a non-intervention setting). Thus far, 10-year follow-up data from the Swedish Obese Subjects (SOS) study have shown that HRQoL is improved and associated with weight loss after bariatric surgery. However, the self-reported data on PA, with its inherent bias [24] , limit any interpretation on associations between PA and HRQoL before and after RYGB.
The aim of this study was to examine the association between meeting physical activity recommendations, light PA (LPA), ST and step counts (objectively measured), and HRQoL before and 12 months after RYGB surgery. A secondary aim was to explore the association between pattern and intensity of PA and HRQoL changes pre-and 12-month post-RYGB.
Materials and methods
For the current study, we used the control group of an ongoing randomized controlled intervention, to study the association between PA and HRQoL. The study, named WELL-RYGB, has been described in detail in a previously published protocol paper [25] . In short, the WELL-RYGB is a randomized controlled trial examining the effects of a dissonance-based post-RYGB intervention, on HRQoL and PA at 12-and 24-month follow-up. The study was approved by the regional ethics committee of Stockholm (Dnr:2013/1847-31/2). The trial has also been registered at http://www.isrct n.org with identification number ISRCTN16417174 and all participants have given oral and written consent to participate.
Participants
Women were recruited from waiting lists for RYGB surgery from five different hospitals in Sweden (Örebro University Hospital, Akademiska Hospital, Ersta Hospital, St. Görans Hospital, and Danderyds Hospital). Inclusion criteria were being eligible for RYGB surgery [body mass index (BMI) > 35 with complications from the obesity or BMI > 40, conducted several serious attempts to lose weight with other methods, and usually over 18 years old] and enough Swedish language skills to be a part of an intervention in Swedish and answer questionnaires in Swedish. Interested patients were sent informed consent forms, a questionnaire measuring HRQoL and demographic characteristics, and an accelerometer before surgery. Participants were included if they returned the informed consent. The same questionnaires and an accelerometer were sent 12 months after surgery, yielding two measure points: baseline (approximately 1 month before RYGB) and 12-month follow-up. We only included the control group in this substudy since the intervention aimed at improving HRQoL and PA and may therefore, if included in the current study, bias the results. Additionally, there were only women included in the original intervention study because of power concerns. The intervention might affect men and women differently, therefore creating the need for stratification, and it was not possible to collect the double number of participants in order to obtain enough power, especially as approximately 77% of all Swedish RYGB patients are women [15] . All participants had RYGB surgery between April 2015 and June 2017. In the current sub-study, we included 66 women with pre-surgery and 62 women with 12-month post-surgery valid PA and HRQoL data, only 39 women had valid accelerometer data for both measure points.
HRQoL
HRQoL was measured using the Short Form (36) Health Survey (SF-36). The SF-36 is divided into eight domains: vitality (VT), physical functioning (PF), bodily pain (BP), general health perceptions (GH), physical role functioning (RP), emotional role functioning (RE), social role functioning (SF), and mental health (MH), and can be summarized into two summary scores: physical summary score (PCS) and mental summary score (MCS). Scoring ranges from 0 to 100 with higher scores indicating better quality of life. The instrument performs well in a general population [26] and is commonly used in obese populations [11] . SF-36 was scored using the Quality Metric scoring Software 8.6.12. pptx and the "maximum data recovery" setting was used for missing values.
Physical activity
PA, LPA, step counts, and ST were measured objectively with an accelerometer (ActiGraph GT3X+), worn on the right hip. Participants were asked to wear the accelerometer for all waking hours for seven consecutive days. We used vector magnitude activity counts (V m ), calculated as the square root of the sum of the counts on all three axes, recorded in 10-s epochs and then converted into counts per minutes (cpm). Measurements were accepted as valid if participants had worn the accelerometer for at least 10 h per day during at least 3 days. The number of participants with valid measure at one of the two measure points is reported in Table 2 . Wear time, MVPA, and classification of bouts were computed using ActiLife v. 6.13.3 . For wear time, we used an algorithm by Choi et al. [27] . If there were no counts for 60 consecutive minutes or more, with a maximum break of two minutes with non-zero counts, it was classified as non-wear time [28] and consequently removed from analyses. MVPA minutes were calculated as minutes per day in total and also in 10 min bouts. ST was defined as any minute showing < 100 cpm, light physical activity (LPA) was defined as 100-3207 cpm, and MVPA as 3208 cpm or more [29] .
Other variables
Weight and height were objectively measured at the hospitals, in a standardized manner, pre-and 12-month postsurgery and obtained from medical records. Self-reported questionnaire data at baseline and at 1-year follow-up were used to assess current occupation (categorized as working or not working) and level of education (categorized as university level or lower). Long-term sickness was defined by a question asking if participants had a chronic disease, difficulty after an accident, reduced physical function, or long-term health condition. If the respondent answered yes, the following question was asked: does this condition result in reduced work capacity or limit your regular occupation? With response options (1) "not at all," (2) "yes, to some degree," and (3) "yes, to a high degree." BMI was calculated as weight (kg)/ height 2 (m 2 ).
Statistical analysis
Data in table one and two are presented as means and standard deviation (SD) or in numbers and percentages. Twotailed T tests were used to test for differences in BMI and PA over time. Multiple regression models were used to analyze the associations between LPA and HRQoL, step counts and HRQoL, ST and HRQoL, and between meeting the MVPA recommendations and HRQoL, with MVPA categorized into two groups, more or less than 150 min of MVPA/week. A similar approach was used for MVPA performed in 10-min bouts since the recommendation for PA is at least 150 min of MVPA performed in 10-min bouts (or longer) per week [30] . However, we also analyzed MVPA in non-bouts, since MVPA independent of how it is accumulated, is associated with numerous health benefits [31] . BMI, percent weight loss, and age were not significant confounders and were therefore not included in the adjusted models. Education, occupation, and long-term sickness showed significant confounding effects in several models and were therefore included in all adjusted analyses of MVPA recommendations and HRQoL as well as wear time. For the association between LPA, step counts, ST, and HRQoL, only occupation and long-term sickness were found to be significant confounders and therefore included in the adjusted models, as well as wear time. The majority of the participants only had PA measured at one time-point and there could be systematic differences between those with PA measured at one or two time points. Therefore, sensitivity analyses were performed for the group of participants who had valid PA measures both pre-and post-surgery (n = 39) (Supplementary Tables 1 and 2 ). All statistical analyses were performed with STATA.15.1 (StataCorp).
Results
Out of the 103 included participants in the study, 90 women had valid accelerometer data for at least one of the measurements, before or 12 months after RYGB. Sixty-six of those had valid accelerometer data and HRQoL data pre-surgery, whereas 62 had valid data on the same measures at 12-month post-RYGB. Thirty-nine women had valid data at both measure points. Characteristics of participants pre-and 12-month post-RYGB are presented in Table 1 . Participants with both valid accelerometer measurement had overall slightly higher SF-36 scores pre-surgery, suffered from long-term sickness to a greater extent, and had higher levels of education compared to those with only one valid accelerometer measurement. Mean percentage weight loss at 12-month post-surgery was 47.2% (SD = 16.8) and prevalence of long-term sickness was also reduced to 27% at 12-month post-surgery compared with 59% pre-surgery. Table 2 shows participants' levels of PA, LPA, step counts, and ST pre-and 12-month post-surgery. Mean MVPA min/day pre-surgery were 26.4 (SD = 21.0) and 29.6 (SD = 22.4) min/day 12 months after surgery. Participants also increased their time spent in MVPA in 10-min bouts from 7.5 (SD = 12.6) pre-surgery to 11.6 (SD = 14.6) min/day 12-month post-surgery, although not statistically significant p = 0.334.
Step counts increased significantly by 1162.8 steps/day (p = 0.014) for those with valid data at one measure point, see Table 2 . A similar pattern was found for participants with valid accelerometer PA data at both measure points (data not shown). Ten percent of the participants reached the PA recommendation of ≥ 150 min of MVPA in 10-min bouts per week pre-surgery and 15% at 12-month post-surgery, see Fig. 1 . Table 3 shows the mean SF-36 scores comparing participants engaging in more or less than 150 min MVPA/week or more or less than 150 min MVPA in 10 min bouts/week. Participants who engaged in more than 150 min MVPA/ week had considerably higher SF-36 scores than those who did not, both pre-and post-surgery. These differences varied greatly for different sub-scores, see Table 3 , and most of the found associations decreased or disappeared when adjusting for confounders, in particular long-term sickness. Looking at the summary scores, PCS showed stronger associations with all levels of PA than MCS after surgery but a strong association between LPA and MCS was found pre-surgery with a 2.6-point increase in MCS for each hour increase in LPA, see Table 4 . The results in Table 4 are presented as change in SF-36 score per hour increase in LPA or ST and per 1000 increased steps/day.
Sensitivity analyses
Sensitivity analyses of mean scores of SF-36 comparing more or less than 150 min/week of MVPA and more or less than 150 min of MVPA in 10 min bouts/week for participants with valid PA measures at both measure points can be found in Supplementary Additionally, we also checked for if changes in physical activity (going from active, meeting PA recommendations, to inactive, not meeting PA recommendations, or the other way around) were associated with changes in HRQoL in these 39 participants. Unfortunately, there were too few participants to see any valid results, see Supplementary Material 3. However, we saw no relevant differences in changes in HRQoL between participants being active before surgery compared to inactive (mean improvement in MCS = 7.4 (SD = 8.3) vs. 8.7 (SD = 9.7) and for PCS = 9.7 (SD = 6.6) vs. 11.1 (SD = 8.6), respectively).
Moreover, we run the same analyses as above including all participants with accelerometer data (without any criteria of wear time). This only added two participants and did not change any of the results substantially.
Discussion
Meeting the PA recommendations of ≥ 150 min of MVPA per week in non-bouts and in 10-min bouts was associated with higher HRQoL summary scores as well as in many of the subscales pre-and post-RYGB and associations were found to be stronger post-surgery. Additionally, we also found associations for LPA, ST, and step counts with HRQoL pre-and post-RYGB. However, most of the associations were decreased or diminished when adjusting for relevant confounders, especially when adjusting for living 
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Pre-surgery 1 year post-surgery Fig. 1 Percentage of participants meeting physical activity recommendations, pre-, and post-RYGB surgery with long-term sickness. In general, participating women improved their HRQoL substantially from pre-to 12-month post-RYGB, especially on subscales connected to the physical part of HRQoL. Pre-surgery, women's HRQoL scores were considerably lower than among the general population [32] . However, at 12-month post-RYGB, scores were similar, and in some subscales even higher, than among the general population [32] . All intensity levels of PA were higher 12-month postsurgery compared to pre-surgery, although not statistically significant, except for step counts. Great improvements in HRQoL after bariatric surgery, in line with our results, have been seen in several previous studies [12, 13, 23] , with a peak improvement at 12-month post-surgery [33] . Contrary to previous studies on objectively measured PA after bariatric surgery [34, 35] , participants in the current study increased both MVPA and LPA at 12-month post-surgery. However, this increase was quite small and statistically nonsignificant. Pre-surgery, approximately 50% meet the recommended levels of ≥ 150 min of MVPA per week, compared with 55% 12-month post-surgery. On the other hand, only 10% pre-and 15% 12-month post-surgery met the recommended levels of ≥ 150 min of MVPA per week performed in 10-min bouts, as stated in the PA recommendations [30] . These proportions of participants meeting the PA recommendations are similar to those reported in a previous study with objectively measured PA in women undergoing RYGB [36] , with the exception of fewer women meeting 150 min MVPA per week pre-surgery in the current study.
As stated before, the general recommendation for PA for the age group 17-64 is at least 150 min of weekly MVPA performed in bouts of at least 10 min [30] . We chose to additionally look at 150 min of MVPA per week in non-bouts, since few participants met the PA recommendation and due to the fact that recently published data show that MVPA, independent of how it is accumulated throughout the day, is associated with numerous health benefits [31] . Although meeting the recommended levels of PA is an appropriate long-term goal for most RYGB patients, this may be too challenging for many patients. Thus, setting realistic, achievable, assessable short-term goals (e.g., 150 min MVPA per week in non-bouts), and gradually increasing the amount and intensity of PA over time may be a conceivable strategy [37] .
In general, the associations between meeting the PA recommendations of ≥ 150 min of MVPA per week and higher HRQoL tended to be stronger at 12-month post-RYGB compared to pre-surgery, both for general HRQoL scores and for the different subscales. Both levels of MVPA and scores for the subscales connected to the physical part of HRQoL increased 12-month post-surgery. This could be due to the importance of physical health among severely obese individuals, where for example, bodily pain was scored much higher (high scores indicate less pain) for participants that were able to and were active ≥ 150 min of MVPA per week. When taking into account long-term sickness, the association between meeting the PA recommendations and HRQoL became weaker, supporting this theory. For the subgroup of 39 women who had accelerometer data at both measurement points, the association between meeting PA recommendations and HRQoL was somewhat stronger. They also had a somewhat higher prevalence of long-term sickness, which is in line with the theory above. However, the mean levels of PA in this patient group did not increase post-surgery. Thus, the slightly increased association might also be a function of weight loss, although this is only speculative. The strong associations seen between meeting the 150 min of MVPA per week recommendations and SF-36 were also seen for LPA, step counts, and ST, although difficult to compare since they were analyzed as continuous outcomes. However, increasing LPA with 1 h or increasing with 1000 steps per day might be preferred for some patients. Thus, an increase in both MVPA, LPA, and step counts could be recommended for this patient group.
A previous PA intervention study with objectively measured PA, in 75 pre-bariatric surgery patients, showed that patients who reached larger increases in MVPA also displayed greater improvements in HRQoL, especially for the physical health subscales (physical function, bodily pain, general health, and overall physical health) regardless of age, degree of obesity, and initial baseline levels of MVPA and HRQoL [38] . A similar study also found higher levels of some parts of HRQoL (general health and role physical) after a 24-week physical training intervention compared to a control group [23] . Another study assessing associations between PA and HRQoL before and after bariatric surgery found that patients who were inactive before and became active after surgery and those who were active before and after surgery reported greater improvements in HRQoL, especially in the physical health scores, compared with patients who were active before and became inactive after surgery and those who were inactive both before and after surgery [39] . However, those findings have limited comparability with results from the current study since the study used self-reported data on PA which has shown large discrepancies compared to objective measures of PA, which seem to be even greater after, compared to before, bariatric surgery [24] . Future research should consider intervention settings where levels of PA are manipulated at pre-and post-RYGB (and measured objectively) to study potential effects on HRQoL.
Limitations
The results of the current study should be interpreted in light of its limitations. The inclusion criteria used to assess participants' eligibility to enroll in the study purposefully excluded those with < 10 h of daily accelerometer wear time data for <3 days; this was not a problem since including those two participants with less accelerometer data than 10 h at least 3 days did not change the results. Additionally, participants in these analyses arise from RYGB patients that wanted to participate in a RCT improving HRQoL and PA after surgery and may therefore have influenced the findings of the study. We cannot tell whether increased PA results in better HRQoL or if better HRQoL makes people more active, since the analyses are cross-sectional and we lacked statistical power to do longitudinal analyses. However, a previous study on obese individuals waiting for RYGB surgery showed greater improvements in HRQoL in an intervention group who increased their PA compared to a control group who did not increase their levels of PA [22] . Secondly, we adjusted for long-term sickness which could act as a moderator, rather than a confounder. However, we still believe that long-term sickness can affect PA levels and HRQoL and therefore can be seen as a confounder. Thirdly, the majority of participants only had valid accelerometer data at one measure point and there could be systematic differences in descriptive and outcome variables between these participants and those who had valid PA data at both measure points. However, we conducted sensitivity analyses using this subgroup and there were indeed differences both in the baseline characteristics and the association between PA, step counts, ST, and SF-36 scores, although this could be due to unstable results because of the small sample size in the sensitivity analyses (n = 39). At baseline, long-term sickness was more prevalent; education levels were higher; and HRQoL scores were slightly higher among those with both valid PA measurement points. Fourth, one potential limitation from using objectively accelerometer measured PA and ST is that the method is not able to specify specific domains or types of PA and ST (e.g., occupational/transportation PA/ ST or sitting vs. standing still). A final potential limitation related to the lack of consensus on how to define intensities of PA via accelerometer data intensity cut-offs. This limits the comparability with other studies having used different cut-offs to define PA intensities.
Strengths
This study also shows several strengths. The main strength is the objectively measured PA and ST in 66 obese individuals pre-RYGB and 62 individuals at 12-month follow-up. Another strength is that we were able to examine 12-month post-surgery data, i.e., a period when most RYGB patients have recovered well enough from the surgery to be active again. However, a longer follow-up than 12 month would be of interest since it is known that HRQoL decreases again 1-2 years post-surgery [33] . Further strengths include the objective height and weight measures which were made in a standardized manner, in a hospital setting, both pre-and post-RYGB, which ensures the accuracy of weight loss data.
Conclusions
The current study found a strong association between meeting guideline PA levels of at least 150 min of MVPA per week and higher HRQoL both pre-and 12-month post-RYGB surgery. Similar results were found for LPA, ST, and step counts both pre-and post-surgery. There were overall higher scores on subscales measuring the physical part of HRQoL, compared to mental parts (both with strongest association for bodily pain and vitality and no relevant associations for the subscale measuring emotional role functioning). These results raise a hypothesis of a possible effect of PA, especially meeting the recommendations of ≥ 150 min MVPA per week either in non-bouts or in 10-min bouts, for obese individuals in general but also after RYGB surgery to improve and keep a higher quality of life.
